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(54) HIGH TEMPERATURE RESISTANT METAL JOINTING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To carry out soldering at comparatively low temperature by 
inserting only Sn as a solder alloy filler between metals to be jointed, rising the 
temperature of the jointed part to more than the melting temperature of the filler, and 
carrying out the liquid phase dispersion till the solder alloy filler phase in a metal 
component is vanished. 

SOLUTION: Sn is powdered, and a filler paste 10 with which a flux is kneaded, is applied 
on a jointed part of a printed base material 4, namely a metallic foil pattern 5. Then, a 
jointed part of an electronic part 6, namely a lead 7 is put on the metallic foil pattern 5, 
and a bottom part 9 of a press heating device 8 is put on the lead 7. The bottom part 9 is 
heated by a heating wire 11. Thereby, the filler paste 10 is fused for adhering the lead 7 
on the metallic foil pattern 5. Furthermore, in a process that the filler paste 10' is fused, 
heated, and held, the pressure of 0.001 -3.0 kg/mm2 is applied to the jointed part by the 
bottom part 9 of the press heating device 8. 
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Japanese Laid-Open Patent Publication No. 2000-052027 
[0004] , 

Means for Solving the Problem 

The present invention is a highly thermal resistant metal joining method 
5 characterized by inserting only Sn between joined metal as a solder alloy filler, raising 
the temperature of joined parts of the joined metal to at least 232°C that is the melting 
temperature of the solder alloy filler, and dispersing, at the joined parts, the liquid phase 
until the solder alloy filler in the metal composite is eradicated when observed with a 
microscope. Also, the present invention is the above highly thermal, resistant metal 
10 joining method that uses an Sn alloy, in which 0.001 to 80% by weight of at least one 
type of additive element that forms crystals with Sn has been added to Sn, as the solder 
alloy filler. 

[0005] Additionally, the present invention is the above highly thermal resistant metal 
15 joining method in which at least one of Ag, Au, Bi, Ca, Ce, Cu, Ge, In, La, Li. Ma, Na, 
P, Pb, and Zn is selected as the additive element. Here, when a Pb-free composition is 
desired, Pb.is excluded from the list. Also, the present invention is a highly thermal 
resistant metal joining method that applies a pressure of 0.001 to 3.0Kg/mm 2 to the 
joined part to promote dispersion of the liquid phase. 

20 

[0006] In addition, the present invention is the above highly thermal resistant metal 
joining method in which the Sn or the Sn alloy is powderized, a filler paste in which 
flax has been kneaded is applied on a metal foil pattern that is the joined part of a 
printed circuit board, leads that are the joined part of an electronic component are 



mounted on the metal foil pattern, a lower end part of a pressurizing/heating apparatus 
is placed over the leads, the filler paste is melted by heating the leads to attach the leads 
to the metal foil pattern, and the filler paste applied to the metal foil pattern is melted, 
wherein in a process of continuously heating and supporting, a pressure of 0.001 to 3.0 
5 Kg/mm 2 is applied to the joined parts. Also, the present invention is the above highly 
thermal resistant metal joining method in which protruding 'parts are provided on the 
side on which the leads contact the metal foil pattern and the pressure of 0.001 to 3.0 
Kg/mm 2 is applied to the joined parts so that the dispersion of the liquid phase can be 
promoted. In addition, the present invention is the above highly thermal resistant 
10 metal joining method carried out in a reducing gas atmosphere or an inert gas 
atmosphere. 



[0007] According to the present invention, during joining the filler is heated and 
therefore uniformly becomes a liquid phase or a mixture of solid phase and liquid phase, 

15 which naturally promotes the dispersion of the liquid phase between the joined surface 
and the filler. The reason that the join strength of the soldered joins is not especially 
high and that both sides can come apart when the melting temperature is reached again 
is that a filler phase remains in. the joins. As shown in FIGS. 1 and 2, if the gap due to 
the solder alloy filler 3 between the joined parts 1, 2. of two joined metals is set as the 

20 gap t, there is a parabolic reduction in the strength of the joins as the gap t increases, and 
when the gap t is increased and reaches the right side, the join strength becomes almost 
constant at the same strength as that of the solder alloy filler 3. Here, the present 
invention carries out dispersion until the filler phase is eradicated, so that the gap t is 
almost totally eradicated and interatomic bonding becomes possible close to the vertical 
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axis in FIG. 1. This means that the join strength clearly exceeds the strength of the 
solder alloy filler 3 itself. In the actual joining process, one problem is how to reduce 
the dispersion time. It is possible to determine the extent of the eradication of the 
solder alloy filler by continuously observing the progress of the eradication, such as by 
5 looking at cross sections of test pieces after a test using a microscope or by measuring 
changes in the electrical resistance of the joins over time. 

[0008] It is also possible to use the following conditions as factors for promoting 
dispersion at the joins. 
10 (1) At least part of the filler is in the liquid phase at the melting- start temperature. 

(2) The amount of filler is reduced to the greatest possible extent to make the thickness 
of the filler as thin as possible. 

(3) Pressure is applied to the joins from outside to reduce the widths of the gaps in the 
joins. 

15 (4) The dispersion temperature is a raised temperature within a range of the allowed 
heating temperatures of the joined materials. 

(5) The dispersion temperature is maintained as long as cost considerations allow. 

(6) The dispersion process should preferably be carried out in an inert gas atmosphere, 
a reducing gas atmosphere, or in a vacuum. 

20 

[0009] When a Pb-free composition is desired, the filler composition that is one factor 
in the dispersion is based on Sn metal and does not include Pb. It should also be clear 
that in terms of the dispersion temperature, - a metal with a suitable eutectic 
structure/composition is selected so as to lower the melting start temperature. It is also 
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possible to produce a multiple-element eutectic alloy with three, four, or more elements 
by combining additional elements with Sn in a eutectic alloy, which makes it possible to 
further lower the melting point. As can be seen from a collection of constitutional 
diagrams , examples of elements that can form a eutectic alloy based on Sn include Ag, 
5 Au, Bi, Ca, Ce, Cu, Ge, In, La, Li, Mg, Na, P, Pb, and Zn. In a case where the filler 
composition is decided according to the above composition a temperature range in 
which the liquid phase in present in the solder alloy, or in which the liquid phase and the 
solid phase coexist is set as the dispersion temperature. Fundamentally speaking, if the 
external conditions are fixed, dispersion for the same compositions is related to time 
10 and temperature, so that the required dispersion time is determined. 

[0010] During the dispersion, it is important for no gaps to exist between the joined 
metals, so that applied pressure is also an important condition for dispersion. For 
example, although it is possible to apply pressure with the pressurizing/heating 

15 apparatus shown in FIG. 2, when a QFP mounter or the like is used, the effect of the 
added pressure also extents to the terminals themselves of an LSI chip or the like. As 
the heating atmosphere, in view of the oxidizing tendency of the filler metal used, 
carrying out dispersion in an inert gas atmosphere is favorable. As one example, the 
above applies when an Sn-Ag-Li-type Sn-based ternary eutectic alloy is used as the 

20 filler. Next, as a treatment for the dispersed surfaces of the joined objects, it is 
preferable to remove oxide in advance, but in view of the material of the joined metals, 
one or more of Ag, Au, Bi, Ca, Ce, Cu, Ga, Ge, In, La, Li, Mg, Na, P, Pb, and Zn is . 
selectively added as a filler composition that is based on Sn, for example. After this, it 
is also effective to thinly apply zinc chloride as an inorganic substance or a rosin-type 
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substance as an organic substance onto the joined metal in advance as a dispersion 
accelerator, as this can assist in reducing the dispersion time. It is also effective to coat 
the filler alloy itself in advance with the above kind of accelerator. 
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